ABSTRACT-Edge detection is a very important process for many image processing applications, especially in Car License Plate Detection and Recognition Systems (CLPDRS). The need to distinguish the desired details is a very important pre-process in order to give good results in short time processing. We proposed a new and fast Vertical Edge Detection Algorithm (VEDA) which is based on the contrast between the gray scale values. Once, input gray image was binarized by using adaptive threshold, Unwanted Lines Elimination Algorithm (ULEA) was proposed and applied. After that, a VEDA was applied for experimental images. Then, implementation on the application is performed and discussed in order to confirm that VEDA is robust for highlighting license plate details easily. The results revealed accurate edge detection performance and demonstrated the great efficiency of using VEDA in order to highlight license plate details. Finally, VEDA showed that it is faster than Sobel operator by about 7-9 times.
I. INTRODUCTION
Edge detection is an important issue in image processing. Edges constitute a significant portion of the information contained in images, and thus, it is useful to extract these features from a complete image. An edge map has vastly reduced complexity and retains important structure present in the original image [1] .
Historically, the most common and earliest edge detection algorithms are those based on the gradient, such as the Sobel operator [2] and the Roberts operator [3] .
Vertical Edge Extraction (VEE) is a basic process in CLPDRS where VEE can display car plate characters and details; therefore, it is useful to be used in order to distinguish these details.
Literature showed that VEE had been used for license plate detection such as [4] [5] [6] . VEE is one of the most crucial steps in Car License Plate Detection (CLPD), and influences the whole system in locating the plate efficiently [7] .
Car license plate details always have a lot of vertical edges that can be used to generate the candidate regions for classification [4] .
Most edge detectors do not perform well on images that have been blurred and do not contain "sharp" edges. For this reason, it is often useful to pre-filter an image prior to performing edge detection [1] .
To detect car license plate automatically, many difficulties have to be overcame, such as the background details, the poor image quality, the processing time, the plate sizes and designs.
Nowadays, Automatic Car License Plate Recognition (ACLPR) becomes a key technique to many automated transport systems. CLPD is a basic and important stage in this technique, and it received considerable attention. Vertical edge-based CLPD is the most suitable technique to overcome some of the above mentioned difficulties, because of the abundance availability of vertical edges. Therefore, vertical edge-based CLPD systems need more improvements in order to solve those difficulties.
Fast detection of car plate vertical edges did not receive enough attention. This paper aims to propose a new and fast algorithm for detecting vertical edges.
Sobel operator is one of the most important algorithms that has been widely used to detect the vertical edges in many CLPD methods [8] [9] [10] . Therefore, this paper proposes a Vertical Edge Detection Algorithm (VEDA) to be faster than Sobel operator with an accurate performance of showing the vertical edges. Furthermore, the use of VEDA in CLPD would enhance the system performance.
It is known that a license plate consists of some characters and numbers, and it can be considered that it is a text-region [11] [12] . Therefore, localizing and detecting text-regions means the localizing of the license plates in such CLPD systems. Thus, if an algorithm efficiently localizes license plate regions would be a key algorithm to be used in CLPD approaches as a successful algorithm for detecting the vertical edges. So, that would help to detect the plate details in the scene image. This paper confirms that VEDA can detect the vertical edges in the license plate region. Moreover, the application discussed in this paper (section 3), highlights the vertical edges (VEDA output). This proves that VEDA is able to work with too blurry images caused by motion and it also can detect the vertical edges for the blurry input images. This paper is organized as follows. Section II describes our algorithm of vertical edge detection, and it contains two parts: Unwanted Lines Elimination Algorithm (ULEA) process and VEDA process. Section III gives an application for using VEDA. Experimental results and discussion are given in section IV. Section V draws the conclusion.
II. THE PROPOSED VERTICAL EDGE DETECTION ALGORITHM

A. Overview
We first apply adaptive thresholding [13] on image, then, apply ULEA in order to remove noise and enhance the binarized image, and finally, extract the vertical edges by using VEDA, then, when comparing the VEDA with Sobel operator; we found that it was faster.
The following diagram shows the flowchart for our proposed approach as illustrated in Fig. 1 . 
B. Adaptive Thresholding Process
The input image is gray scale and has the values between [0-255]. Bradley's method in [13] is applied on the input image in order to form the binarized image. The researchers in [13] have recently proposed real-time adaptive thresholding using mean of a local window [14] , where local mean is computed using integral image. Fig. 2 shows the input image and the result of applying adaptive thresholding. 
C. ULEA Process
Thresholding process in general will produce many thin lines which do not belong to car plate region. So elimination of these lines will contribute in CLPDRS accuracy and reduce the processing speed. Therefore, an algorithm is proposed in order to eliminate these unwanted lines. It is clear from Fig. 2 (b) that the image has some unwanted lines in angles 0 0 , 90 0 , 45 0 , and 135 0 with width of one pixel. Therefore, ULEA has been proposed in order to eliminate these lines. In order to keep small plate details, one pixel width is selected to be used for this process. A 3x3 mask is used throughout all image pixels. Only black pixel values in the thresholded image are tested. Supposed that g(x,y) are the values for thresholded image. Once, the current pixel value located at center of the mask (x,y) is black, the 8-neighbor pixel values are tested. If two corresponding values are white in the same time, then the current pixel is converted to white value as background pixel. The pseudocode for this process can be summarized as illustrated in Algorithm 1, while Fig. 4 shows the output after applying ULEA process on Fig. 2 (b) . The advantage of VEDA is to distinguish the plate details region, especially, the beginning and the end of each character therefore, the plate details will be easily detected and character recognition process will be done faster. VEDA will make the black-white and the white-black regions edges have two and one black pixels, respectively. A mask 2X4 is proposed for this process, where (x,y) represents the current processed pixel location at point (0,1) as center of our mask as shown in Fig. 5 (a) . Basically, the proposed mask consists of 3 smaller masks, which are left mask 2X1, center mask 2X2, and right mask 2X1. Fig. 5 shows the design of the proposed mask, where x represents the rows or the height of the image and y represents the columns or the width of the image. The selection of the column at the locations (0,1) and (1,1) to be a center of our proposed mask, is to keep the last two black pixel values located at the intersection of black-white regions, and to keep the first black pixel value located at the intersection of white-black regions as well.
The 2X4 mask moves from top to bottom and from left to right. The abundance availability of black pixel values inside the plate itself and because plate characters are white color which is considered as background in our work, therefore, our proposed mask can keep the last two black pixel values, which are located at the end of intersection of plate region with the beginning of the character (black-white regions) as shown in Fig. 6 (a) [15] [16] . Similarly, the mask can keep the first black pixel value that is located at the end of the character in the plate itself (white-black regions) as shown in Fig. 6 (b) .
Actually, this process is done for both of the edges left and right. The first edge and/or (odd edges) can be two black pixels width and the second edge and/or (even edges) can be one black pixel width. The mask starts moving from top to bottom and from left to right. If the four pixels at center mask in locations (0,1), (0,2), (1,1), and (1,2) are black, then the two right mask values are tested whether they are black or not, and the two left mask values are tested whether they are black or not. If the three masks are black values, then the mask center column at (0,1) and (1,1) is converted to white and so on.
Algorithm 2 shows the pseudocode for VEDA process, while the result of the proposed algorithm on the image in Fig. 4 is shown in Fig. 7 . 
A. Highlight desired details based on vertical edge detection
After Vertical Edge Detection Stage is done, filling whiteregions which are located between each two vertical edges. Because of the vertical edge output design, one edge has twopixel width and the other has one pixel width, it is easy to track the wanted edges and make connection between each two vertical edges which probably located in plate region.
All the pixels in vertical edge step image will be scanned, when two neighbor black pixels and followed by one black pixel, the horizontal distance (hd) is calculated and must satisfy: 1<hd<33, where hd represents the length between the two vertical edges. Actually, this criterion can remove very The intersection of black-white and white-black areas short lines and long lines that do not belong to plate details regions. This scanning process will start moving from right to left and from top to bottom. After all pixels are scanned, the output will result white image except the regions which probably contain plate details. The pseudocode for this process can be summarized as illustrated in Algorithm 3, while Fig. 8 shows the output after applying this algorithm on Fig. 7 .
For all pixels in Fig. 7, read each two neighbor pixels (p1(r,c),  p2(r,c+1) ); If they are black (p1(r,c), p2(r,c+1) ) If {(the next single pixel is black (pn(r,c+n)) AND (1<hd<33) AND (all pixel values between pn, p2 are white)} For the rows (in thresholded output image) (r-1, r-2, r-3) For the cols (in thresholded output image) (c, c-1, c-2, c-3, c-4 ) calculate how many black pixels are, and store it in bp;
it is the left-upper corner of plate draw black line between (p2, pn); //in Img4
Algorithm3: Highlight desired details pseudocode Dataset1 images were captured by using a web-camera with 30 fps. The program is running under Windows XP SP2, written in C++ language using OpenCV library [17] [18] [19] .
Results of running Sobel operator for vertical edge detection and VEDA respectively on a sample image are shown in Fig. 9 (b) and 9 (c). Fig. 10 shows that VEDA can detect inclined vertical edges efficiently, while Fig. 11 gives a comparison between Sobel and VEDA outputs for a blurry image.
An example is shown in Fig. 12 , in order to demonstrate that VEDA output can reserve license plate details. Therefore, those details can be extracted and highlighted easily for further use. Note that VEDA ≈ 9 times faster than Sobel's From Fig. 9 , we can notice that car license plate vertical edges are distinguished and clear to be extracted easily, the two pixel width and the one pixel width are clear too. It is important to say the first edge of the plate character is darker than the second one. The computational time in VEDA is much less than Sobel which gives a strong advantage to VEDA. Table I , we can see that VEDA outperforms over Sobel algorithm, in term of processing time. ULEA also contributes to faster VEDA performance with reduction of the total details that need to be processed. From Fig. 11 , we can see that our proposed approach is able to work with high blurry images caused by motion and also it can detect the vertical edges for blurry. From Fig. 12 , the results show that the plate details are extracted correctly with some noisy region which will be removed later to detect the plate region only.
V. CONCLUSION
In this paper, we have proposed a new algorithm in order to detect vertical edges. Before VEDA was applied, ULEA was done in order to enhance the binarized image. This enhancement process makes VEDA works faster than Sobel. The experimental results demonstrated that VEDA is faster than Sobel operator for extracting vertical edges, yet the accuracy of edge detection is nearly similar. Our proposed approach is able to work with motion blurred images for detecting the vertical edges. The advantage of VEDA is that this algorithm gives two pixel width for black-white region edges and one pixel width for the white-black region edges. This advantage helps to detect plate details easily and faster during next processing steps and suitable for real-time processing. 
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